Introduction
Rheumatoid arthritis (RA), a chronic progressive autoimmune condition, is estimated to affect between 0.5% and 1.0% of the adult population globally. 1 The prevalence of arthritis overall has been rising, with RA accounting for 17.9% of those diagnosed with arthritis, according to 1999-2008 data from the US National Health and Nutrition Examination survey. 2 RA is most prevalent among older individuals and females. 1 RA has been found to have an extensive impact on mortality and morbidity. 3 For instance, RA leads to pain, morbidity, joint damage, a decline in functional abilities, a high rate of comorbidities, and higher rates of mortality. 1, 4, 5 In addition to the direct costs of health care associated with managing these negative outcomes, significant indirect costs are incurred by RA, such as a loss in work productivity. 6, 7 Traditional disease-modifying antirheumatic drugs (DMARDs), most commonly methotrexate, have demonstrated efficacy in the management of RA and are used by a majority of patients. However, the American College of Rheumatology recommends initiation of biologic therapy in patients who are not adequately responding to DMARDs (ie, moderate to high disease activity with methotrexate monotherapy lasting 3 months or DMARD combination therapy). 3, 8 Biologic therapies have been shown to be highly effective in treating RA, including managing symptoms 9, 10 and halting progression of structural damage and physical disability due to RA. 11, 12 This reduction in symptom burden and structural damage, in turn, leads to decreases in the level of disability 9 and cost of care 10 faced by patients with RA. Biologic therapies have also been associated with more quality-adjusted life years, in comparison with traditional DMARDs. 10 Moreover, biologic therapies have been associated with reduced disease activity and improved functional abilities of RA sufferers, as well as increased quality of life when used alone and in combination with methotrexate or other DMARDs. [13] [14] [15] It is anticipated that demand for biologic therapies will increase from both patients and prescribers as more evidence is presented about the associated outcomes. 10 Nonetheless, research indicates that appropriate and timely escalation of treatment from DMARDs to biologic therapies does not always occur, in spite of their demonstrated effectiveness. 16 Also, rheumatologists and patients have been found to differ with respect to instrumental factors in care escalation decisions. 16 Biologic agents are currently administered via two routes: subcutaneous injection (SQ) and intravenous infusion (IV). SQ and IV administration of biologic agents differs not only in routes of administration but also in dosing schedules 17 and costs, 18 which are associated with patients' preferences and corresponding persistence in treatment utilization. Additionally, injection issues (depending on route of administration and agent type) have been shown to influence patients' utilization of biologic therapies. 19 Prior research suggests variations in dosing frequency, delivery type, pH levels, and needle size may all influence whether patients discontinue using a particular biologic agent. 19 Factors such as safety, efficacy, and patients' preferences for various aspects of the biologic therapies have also been identified as integral to patients' decision making regarding RA treatment. 20 Frequency of dosing and route of administration have also been demonstrated to play a significant role not only in persistence with therapies but also in the initial decisionmaking process regarding biologic therapy. 3 For example, one study found that route of administration was the most important feature for patients in choosing a biologic therapy. 21 This study also found that SQ was the most preferred route of administration by both those currently receiving and those not yet receiving biologic therapies. In addition to preferring SQ route of administration, patients preferred the longest possible interval between administrations of treatment. Another two studies identified frequency of dosing as the second or third most preferred attribute of biologic therapy reported by patients with RA. 22, 23 Physician guidance is another factor influencing patients' decisions regarding RA treatment. 24 In fact, a rheumatologist's experience with a particular therapy has been identified as one of the most important factors taken into consideration by both patients and rheumatologists when deciding on a biologic therapy. 22 Many studies have examined how patients and rheumatologists approach the decision to escalate treatment to biologic therapies. [25] [26] [27] However, a majority of these studies represented either rheumatologists' or patients' perspectives alone, and many of these studies examined only a limited number of factors influencing the decision-making process. Other studies have noted the importance of information for patients with RA regarding their treatment-related decision making, with a high level of need for information identified. 28, 29 Thus, there is a need for open communication and for rheumatologists to have a clear understanding of patients' preferences.
The primary aim of the current study was to examine openness to and preference for attributes of biologic therapies among patients with RA prior to biologic therapy initiation. A secondary aim was to examine rheumatologist perceptions of patient openness to and preference among biologic therapies. A related aim was to identify gaps between rheumatologist and patient perceptions about biologic therapies and corresponding discussions about biologic therapies, as well as implications for patient-rheumatologist dialogue and 
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Materials and methods sample
The sample for this study consisted of 243 patients with RA in the US recruited from a consumer panel, Lightspeed Research (n=142), and a patient advocacy organization, Creaky Joints (n=101). Patient inclusion criteria were as follows: self-reported diagnosis of RA by a rheumatologist, visited a rheumatologist for RA in the past 6 months, currently taking DMARDs, never taken a biologic therapy, aware of and discussed biologic therapy with rheumatologist, aged 18 years or older, residing in the US, able to read/write English, and provided online informed consent. Rheumatologist inclusion criteria were as follows: specialty in rheumatology, board certified or eligible, 2-25 years postresidency practice as a rheumatologist, at least 50% time spent providing direct patient care, at least 50 patients with RA treated per month, at least 25 treated with biologic therapy, not employed by or providing consulting services to any pharmaceutical company, and not working for government. The study protocol was reviewed and approved by the Essex Institutional Review Board (Lebanon, NJ, USA).
Measures
Patient data were collected via a self-administered online survey ~30 minutes in length. Rheumatologist data were also collected via a self-administered online survey ~15 minutes in length (see Table S1 for an outline of survey items).
Openness to route of administration (IV and SQ) was assessed for patients via a 5- Patient openness to route of administration as reported by rheumatologists was assessed by requiring rheumatologists to report the proportion of their patients estimated to be open to IV only, SQ only, both, or neither. Patient openness to specific biologic therapy attributes (ie, duration of infusions and frequency of injections/infusions based upon the characteristics of approved biologic treatments in the US at the time of the study) was also assessed for both patients and rheumatologists via the 5-point Likert scale described above. Mean scores were calculated to determine patient and rheumatologist perceptions of biologic treatment characteristics.
Patient preference was assessed from both the patients' and rheumatologists' perspective via allocation of 100 points across various biologic therapy options. Mean scores were calculated to determine patient and rheumatologist perceptions of preferences. Preference for route of administration (IV and SQ) was assessed for patients via a 5-point Likert scale ranging from 1= strongly prefer self-injection to 5= strongly prefer IV infusion, with 1-2 or 4-5 categorized as preferring one route or the other. Patient preference for route of administration was assessed for rheumatologists via proportion of their patients estimated to fall within each of the five aforementioned preference categories.
Level of discussion around treatment was rated by both patients and rheumatologists as "not discussed at all", "discussed somewhat", or "discussed in detail".
statistical analyses
Descriptive analyses (means and standard deviations for continuous variables and percentages and frequencies for categorical variables) were conducted for patient demographics and openness to and preference among biologic therapies and routes of administration, as well as other patient and rheumatologist attitudes related to treatment perceptions and decision-making preferences. The statistical significance (two-tailed P0.05) of differences across groups on measures assessed in a compatible manner (ie, consumer panel vs advocacy group comparisons) was assessed via pairwise t-tests for mean (continuous variables) and chi-square or binomial proportion tests for frequencies (categorical variables).
Patients recruited via Creaky Joints and the consumer panel were initially compared in terms of various characteristics in order to understand sample differences and inform the breadth of representativeness captured in the current study. However, as the objective of the study was to analyze patients on the whole vis-à-vis rheumatologists, patients were subsequently included as a single category for the majority of the analysis.
Results
The mean age of patients in the total sample was 52.5 years (Table 1) . Mean years since onset of RA symptoms reported by patients was 12.90 years. Patients in this sample had been discussing biologic therapies with their rheumatologists on average for 1.32 years over an average of 2.67 visits. Patients recruited through the consumer panel were on average older (mean=57.3 years) than those recruited through Creaky Joints, the patient advocacy group (mean=45.8 years), P0.05. The majority of the total patient sample was female (85.2%). However, Creaky Joints patients were more frequently female (93.1%) in comparison with the consumer panel (79.6%), P0.05. The mean age of rheumatologists was 49.2 years (Table 2 ). Female rheumatologists composed 27.2% of the sample. The majority were white (72.8%). Mean years in practice as a rheumatologist was 14.4 years. Mean patients with RA treated per month was 125.6. The majority of rheumatologists reported having an infusion suite in their office (80.6%).
Openness to route of administration and attributes of biologic therapies
Over half of patients were open to both IV and SQ administration (53.1%) ( Table 3 ). In contrast, rheumatologists reported that only a mean 40.7% of their patients would be open to both IV and SQ. Whereas rheumatologists thought 34.0% of patients would be open to SQ only, only 16.5% of patients reported openness to SQ only.
Openness to attributes of biologic therapy administration frequency was highest for SQ administration every 4 weeks or monthly for both patients (mean=3.37) and rheumatologists (mean=4.29) (Table 3) . Mean openness to an IV administration time of 30 minutes every 8 weeks was the third highest among both patients (mean=2.86) and rheumatologists (mean=3.75), below SQ administered every 2 weeks or 4 weeks and above preference for SQ once a week.
Preferences for route of administration and attributes of biologic therapy
A similar pattern emerged in the preference point allocations. The most preferred therapy option was SQ administered every 4 weeks or monthly by both patients (mean=35.1) and rheumatologists (mean=23.3) ( Table 4 ). The second most preferred therapy option by patients was IV treatment administered for 30 minutes every 8 weeks (mean=13.9). However, rheumatologists reported that SQ treatment administered every 2 weeks would be the second most preferred therapy option by their patients (mean=14.6), followed by IV treatment administered for 30 minutes every 8 weeks (mean=13.1).
Whereas rheumatologists reported that 35.2% of their patients would strongly prefer SQ, only 26.3% of patients actually reported a strong preference for SQ (Table 4) . In contrast, whereas rheumatologists reported that 31.3% of their patients would have no preference between SQ and IV administration, only 22.2% of patients reported no preference between the two routes of administration.
Discrepancies between rheumatologist perceptions and patient preferences
Several discrepancies emerged between rheumatologist perceptions and patient reports when stratified by key patient characteristics (Table 5 ). Rheumatologists believed that nearly half (48.6%) of their older patients (aged 65 and older) would prefer IV, compared with none (0.0%) of their younger 
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Treatment initiation and treatment decision making
With respect to treatment initiation, over half of patients surveyed (54.3%) reported that the discussion regarding biologic therapy was initiated by their rheumatologist (Figure 1 ). Nearly a quarter of patients (23.5%) reported being the ones to initiate discussion. Nearly half of patients surveyed reported that they would make the final decision regarding biologic therapies after considering their rheumatologist's recommendation (49.0%) (Figure 2 ). However, only 21.8% reported sharing the decision-making process equally with their rheumatologist, and 24.7% reported making the decision themselves.
Aspects of biologic therapies discussed by patients and rheumatologists
Several discrepancies emerged with respect to aspects of biologic therapies discussed by patients and rheumatologists. The majority of rheumatologists reported discussing in detail the ability of biologics to slow (78.6%) or stop (76.7%) joint damage (Table 6 ). In contrast, a minority of patients reported discussing in detail biologics' ability to slow (28.8%) or stop (23.5%) joint damage. Whereas 77.7% of rheumatologists reported discussing in detail the ability of biologics to improve well-being and daily function, only 30.9% of patients reported the same level. Whereas 68.0% of rheumatologists reported discussing in detail the effectiveness of biologics compared with other treatments, only 26.3% of patients reported the same. About a third of patients reported discussing at least somewhat their IV (30.9%) and SQ (34.2%) experience. In contrast, the vast majority of rheumatologists reported discussing the IV (95.1%) or Notes: Presented are row percentages within patients (ie, proportion of each patient subgroup endorsing a particular preference) and rheumatologists (ie, proportion of all rheumatologists believing that each patient subgroup endorses a particular preference). Abbreviations: iV, intravenous infusion; sQ, subcutaneous injection. 
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Factors considered when making treatment decisions
The majority of patients considered the impact of treatments on both their present and future condition when making treatment decisions (74.5%), with only a small percentage considering the impact on present (14.8%) or future (9.9%) condition alone (Figure 3 ).
Discussion
The current study found that more patients may be open to both SQ and IV routes of biologic therapy administration than rheumatologists assume. Similarly, more patients may prefer the IV route of administration than rheumatologists perceive. The discrepancies between rheumatologists' perceptions of patients' preferences and actual patients' preferences regarding biologic therapies are consistent with prior studies indicating similar discrepancies. 30 For instance, Willeke et al 30 found that 94% of rheumatologists reported believing their patients would prefer SQ injections whereas the majority of patients (63%) reported that they would prefer an infusion every 6-9 months.
Findings from the present study also demonstrated substantial variations in preferences among routes of administration across various types of patients based on demographic characteristics (eg, age) and insurance status, as well as in terms of rheumatologists' expectations. Consistent with the present findings, prior research has also shown that individual preferences among routes of administration were driven by patient characteristics, including: expectations of safety and convenience, past experience, and patients' perceptions of their disease state. 31 The current findings build on this literature with a better understanding of the interplay between patient characteristics and preferences.
The present study examined separately patients' openness to and preferences among routes of administration (SQ and IV) and various attributes of biologic therapy, as these refer to distinct dimensions worthy of evaluation. On the one hand, our preference measures allow us to determine what patients would choose in a comparative, binary sense. Whereas, our openness measures allow us to determine in a noncomparative way what patients would evaluate as acceptable versus unacceptable, allowing the possibility of openness to multiple treatment options versus none. In tandem, these sets of results provide for a more comprehensive, transparent understanding of patients' attitudes than either dimension alone. For example, our results indicate that over half of patients were open to both IV and SQ, while at the same time, patients tended to prefer SQ over IV.
Whereas most studies of nondisease specific populations have found that a majority of patients prefer to leave decision making to their physicians, the current study found that nearly a quarter of patients reported initiating the discussion with their rheumatologist. 28, 29 However, over half of patients reported that their rheumatologist initiated the discussion to start biologic therapy. Most patients reported making treatment decisions after considering their rheumatologist's recommendation (approximately half) or sharing responsibility (about a fifth). This finding is in line with prior research, which demonstrates that the majority of patients with RA (95%) report using a paternalistic decision-making model immediately after their diagnosis, but then many (74%) of these patients evolve to utilizing shared decision making. 32 These findings suggest that rheumatologists play a significant role in treatment decision making for patients with RA. 
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Perspectives regarding biologic therapy openness and preference in rA discussed. Future research should examine actual clinical encounters to pinpoint the source of the discrepancy and whether misperceptions reside primarily among rheumatologists, patients, or both, as well as whether issues, such as lack of comprehension on the part of patients and lack of clarity on the part of physicians may contribute to any biases. Improved understanding of communications within clinical encounters can help inform which aspects of communication should be targeted for the most effective intervention. These discussions between patients and their rheumatologists are critical, as they influence patients' and rheumatologists' decisions regarding biologic therapies. Inconsistencies in patient and rheumatologist preferences and beliefs indicate a break in communication that needs to be addressed in order to improve patient care. Not only have patients indicated a high need for information about RA and treatment options 28, 29 but also prior research indicates that a high level of information received was strongly correlated with patients' involvement in the treatment decision-making process. 33 The discrepancies in communication outlined in the present study could exert a substantial influence on the decision to initiate biologic therapy. Thus, providing patients with the appropriate information regarding these critical aspects of biologic therapies could empower more patients to make the decision to escalate care to biologic therapy in a timely fashion. In fact, a systematic review of the literature (n=15 studies) found that most patients required more information related to their treatment and disease. 34 Communicating this information might alleviate some patient concerns, such as the discontinuation of therapy, which has been known to affect patients' decision making regarding RA treatment. 35 The differences in reports of what was discussed as well as patients' actual preferences for which aspects of biologic therapy to discuss with their rheumatologist might influence patients' final decision regarding which biologic therapy to utilize. Because of discrepancies in reports of which aspects of biologic therapy were discussed in these clinical contexts, shared decision making is all the more important in this context. Prior research on shared decision making indicates that critical steps include both patients and physicians sharing information, building consensus about preferred treatments, and coming to a shared agreement on which treatment to implement. 36 Furthermore, shared decision-making models acknowledge that patients and physicians may have different values and preferences -hence the need to build toward reaching consensus on the appropriate treatment. 37 Shared decision-making approaches could thus overcome differences between information that patients would like regarding Despite rheumatologists' role in treatment decision making, a study by van Hulst et al 16 indicated that patients and rheumatologists prioritize very different factors when making decisions regarding treatments. As such, it is critical to understand better the dialogue that occurs between patients and rheumatologists. When examining this dialogue, the present study found several discrepancies between patients' and rheumatologists' perceptions of the level of discussion provided around aspects of biologic therapy. Specifically, a larger proportion of rheumatologists than patients reported detailed discussion of potential side effects as well as the ability of biologics to slow or stop joint damage and improve well-being and daily functioning with their patients. Additionally, the majority of patients reported no discussion at all with their rheumatologist regarding SQ or IV infusion experience or the patient's ability to attend infusion appointments, whereas the majority of rheumatologists reported discussing these topics at least somewhat with their patients. Moreover, a higher proportion of rheumatologists than patients reported that all aspects of biologic therapies were discussed. This inconsistency may highlight a gap in communication in which rheumatologists either do discuss or perceive discussing aspects of biologic therapies more than patients either perceive hearing or do hear these aspects biologic therapies and information the rheumatologists share, ensuring that patients are able to engage in treatment decisions aligned with their own values and preferences. The current study was not designed to assess the association between discussion topic preferences and patients' final decisions regarding biologic treatment; therefore, future research should examine this link to further inform opportunities for alignment in patient-provider communication.
In regard to treatment decision making, the majority (nearly three-quarters) of patients in the present study reported considering primarily the impact of treatment on their current condition as a factor taken into consideration. This finding is consistent with a previous study showing that 63.8% of respondents would not change their therapy as long as their condition did not worsen. 26 Furthermore, results of the present study are consistent with prior research indicating that patients are more motivated to maintain their current condition than to think about future prognosis. 26 Namely, only 9.9% of patients in the present study reported thinking about their future health alone when making treatment decisions.
Despite the novel addition of this study to our understanding of the openness to, preferences for, and discrepancies in communication regarding biologic therapy for RA, there are limitations that should be considered. One of the main limitations of this study is the use of an online data collection method. This approach did not yield a random sample; however, this was minimized by the recruitment of the sample from two sources, an advocacy group and a consumer panel. This sampling approach yielded substantial variation across the groups and prevented a bias toward a single patient type. Another limitation of the study is that the surveys were cross-sectional, depicting patients' and rheumatologists' perspectives at a single point in time. As such, these perspectives could potentially change based on symptom changes or functional declines. Additionally, this sample was highly educated, which could potentially affect patients' preferences among treatment options. A majority of the patients in both samples were white and, therefore, noted racial disparities between white and black patients in terms of treatment aggressiveness (eg, lower among black patients with similar disease severity 38 ) may not have been captured in these data. Rheumatologists' prior experiences with specific biologic agents may have influenced their perceptions and preferences among these therapies; this in turn could have introduced bias into our results, to the extent that 1) our physician sample was not representative of the overall population of physicians and 2) physician and practice characteristics that differed from those of the population were correlated with different preferences among therapeutic options. This potential bias would not be expected among patients, given that they had no prior experience using biologic agents. Finally, patient and rheumatologist data were not linked in this study, thus limiting insight into a precise estimation of the source of disconnect between patients and their corresponding rheumatologist in discussions regarding their treatment options. A patient-rheumatologist link would also have enabled an understanding of the potential influence of the relationship itself on the decision-making process.
Conclusion
Studies have found that patients with RA trust and would benefit from the guidance of their rheumatologists in the decision-making process. 20 Thus, there is a strong need for thorough discussions of all available treatment options and patient preferences between patients and their rheumatologists. Additionally, profiles of patients based on demographic variables should not influence rheumatologists' perceptions of patients' preferences or priorities, as expectations may frequently be misaligned. Given discrepancies in patient-rheumatologist perceptions around discussions, and considering the substantial role of rheumatologists in the decision-making process 32 (both initiating treatment and guiding patients), it is important to address dialogue between patients and rheumatologists to ensure transparency and improve understanding of patients' needs and preferences.
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